Introduction: There are several complications of the cardiovascular system caused by acromegaly, especially hypertension. Objectives: To evaluate hypertension characteristics in patients with cured/controlled acromegaly and with the active disease. Patients and methods: Cross-sectional study of the follow-up of forty-four patients with acromegaly submitted to clinical evaluation, laboratory tests and cardiac ultrasound. Patients with cured and controlled disease were evaluated as one group, and individuals with active disease as second one. Results: Forty-seven percent of the patients had active acromegaly, and these patients were younger and had lower blood pressure levels than subjects with controlled/cured disease. Hypertension was detected in 50% of patients. Subjects with active disease showed a positive correlation between IGF-1 and systolic and diastolic blood pressure levels (r = 0.48, p = 0.03; and r = 0.42, p = 0.07, respectively), and a positive correlation between IGF-1 and urinary albumin excretion (UAE) rates. In patients with active disease, IGF-1 was a predictor of systolic blood pressure, although it was not independent of UAE rate. For individuals with cured/controlled disease, waist circumference and triglycerides were the predictors associated with systolic and diastolic blood pressure. Conclusions: Our findings suggest that blood pressure levels in patients with active acromegaly are very similar, and depend on excess GH. However, once the disease becomes controlled and IGF-1 levels decrease, their blood pressure levels will depend on the other cardiovascular risk factors. Arq Bras Endocrinol Metab. 2011;55(7):468-74
INTRODUCTION
A cromegaly is an endocrine disease resulting from systemic consequences of growth hormone (GH) excess in individuals that have already reached their final height. GH excess also causes serious systemic manifestations, such as orthopedic and cardiovascular problems, sleep apnea and, probably, an increased risk of colon cancer (1) .
Cardiovascular deaths are important contributors to increased mortality rates in acromegaly (1) (2) (3) (4) (5) (6) (7) (8) . At the time of diagnosis, arrhythmias, hypertension and valve diseases are present in up to 60% of patients (4) . The presence of a specific acromegalic cardiomyopathy characterized by interstitial fibrosis and mediated by GH and IGF-1 has also been described (4) . The coexistence of hypertension, left ventricular hypertrophy, and cardiomyopathy accounts for most of the cardiovascular impairment in acromegalic patients (9) (10) (11) .
The prevalence of hypertension in acromegaly ranges from 18% to 60% in different series (3, 4, (8) (9) (10) 12, 13) , and its incidence is higher than in the general population. However, despite its importance, the physiopathological mechanisms of hypertension in acromegaly have not yet been well clearly established. Two recent studies have investigated the role of atherosclerosis in acromegaly by calcium score measurements, and these findings were compared to the Framingham Score (14, 15) . These studies have shown that acromegalic patients are probably exposed to the same heart risk factors as individuals without acromegaly according to the Framingham Score.
Considering the relevance of cardiovascular disease in acromegaly, and the number of still unresolved issues in its pathogenesis, we carried the present study out to evaluate hypertension in a cohort of patients with acromegaly.
PATIENTS AND METHODS

Methods
A cross-sectional study was performed in patients with acromegaly who were followed up at the Division of Endocrinology of the Hospital de Clínicas de Porto Alegre (HCPA). This study was approved by the Research Ethics Committee of HCPA (05-513). All the patients signed an informed consent form.
Patients
Initially, 52 acromegalic patients were selected. However, eight were excluded: four of them because of clinical conditions that prevented changes in anti-hypertensive regimen and/or removal of diuretics (three of them had serious cardiac disease; one had renal failure). Three patients refused to join the study, and one patient showed poor compliance with the proposed algorithm. Therefore, 44 patients were included.
Clinical evaluation
Clinical assessment consisted of acromegaly-focused medical history; weight, height and abdominal circumference measurement; blood pressure; and routine clinical cardiac examination. The patient was considered hypertensive if systolic blood pressure was > 140 mmHg or diastolic blood pressure was > 90 mmHg in two consecutive measurements at the office, confirmed by home measurements; or if there was previous history of anti-hypertensive medication (16) . Obesity was determined by body mass index (BMI) ≥ 30 kg/m 2 (17); abdominal circumference above 80 cm in women and above 94 cm in men were considered visceral obesity (18) . Patients who consumed nicotine cigarettes on a regular basis during the period of data collection were considered current smokers. Diabetes mellitus was diagnosed by the American Diabetes Association criteria (18, 19) , or by current use of oral antidiabetics and/or insulin. Homeostasis Model Assessment of Insulin Resistance (HOMA-IR) was calculated as follows: [glucose (mmol/L) x 18 x insulin (μUI/mL)].
Patients were classified according to presence of cardiovascular risk factors; these included obesity, diabetes mellitus, smoking, low HDL, high LDL, hypertension and abdominal obesity. Abnormal laboratory test results were: total cholesterol above 200 mg/dL, HDLcholesterol ≤ 40 mg/dL for both male and female subjects, LDL-cholesterol above 130 mg/dL (or 100 mg/ dl for diabetic patients) and triglycerides above 150 mg/dL (18, 20) . Patients who were using angiotensin-converting enzyme inhibitors (ACEi), angiotensin II blockers or diuretics, and whose clinical condition allowed it, had these drugs replaced, if necessary, by antihypertensive drugs of different pharmacological classes -amlodipine was the drug used in most cases. Next, a new visit was scheduled for laboratory tests, with at least 1-month interval. In the meantime, all the 
Laboratory measurements
Laboratory tests were performed in fasting patients in upright position. PRA and aldosterone samples were collected individually, and immediately sent to the laboratory, where they were centrifuged and frozen.
The following diagnostic kits were used: PRA: Adaltis -Casalecchio di Reno, Italy (normal range for orthostatic position: 0.98 -4.18 ng/mL/h). Aldosterone: DSL -Diagnostic Systems Laboratories, Inc. Webster, Texas, USA (normal range for orthostatic po- For statistical calculations, we also used the variable % ULN, which expresses the percentage of IGF-1 level that is above the upper limit of normality. This was done to eliminate IGF-1 variation according to age.
GH: Euro/DPC -SIEMENS -Llanberis, United Kingdom (normal range: 0.5 -5.0 ng/mL). Glucose, total cholesterol, HDL cholesterol, triglycerides, creatinine, sodium, potassium and microalbuminuria: Modular P -Roche Diagnostics, Mannheim, Germany. Albumin excretion rate (AER) was measured by immunoturbidimetry (Microal; Ames-Bayer, Tarrytown, NY; intra-and interassay coefficients of variation of 4.5% and 11%, respectively). Normoalbuminuria was determined by AER < 30 mg/24h; microalbuminuria between 31-300 mg/24h; and macroalbuminuria AER > 300 mg/24h. Insulin: Modular E -Roche Diagnostics, Mannheim, Germany (normal range, 2.3 a 24.9 μUI/ mL); and ultra-sensitive C reactive protein (us-CRP): Nefelometer -Dade Behring, Marburg, Germany.
Cardiac ultrasound was performed in an equipment with adult-type 3 MHz transducers. The following parameters and echocardiographic measures were evalu- 
Classification criteria for acromegaly
Criteria for cured acromegaly were nadir GH < 0.4 ng/ mL in oral glucose tolerance test (OGTT); basal GH below < 1 ng/mL; and normal IGF-1 for age and gender (22) in patients with no medication for acromegaly.
Patients with normal IGF-1 for age and gender and basal GH below 1 ng/mL on any medication for acromegaly were considered to have controlled disease; patients with contradictory results (IGF-1 and GH basal in disagreement) were considered as having controlled disease, based on the IGF-1 levels. Patients with none of the criteria above were considered as having active disease.
Statistical analysis
Categorical variables were described as absolute and relative frequencies, and quantitative variables as means and standard deviation. The Mann-Whitney test was used for comparisons between variables with asymmetrical distributions. Spearman's correlation was used for correlations between variables with asymmetrical distributions, and Pearson's correlation for variables with normal distribution. Linear regression was used to estimate the predictors of the blood pressure levels. SSPS 16.0 (Chicago, IL) was used for the statistical analyses.
RESULTS
Characteristics of the sample
Among the 44 patients, 24 were males. Mean age was 50 ± 9 years. Mean BMI was 28 ± 5 kg/m 2 ; 29.5% of subjects were obese, and 82.6% of the men had visceral obesity, against 85% of the women. Hypertension was found in 50% of the sample, and diabetes was found in 18.2% of the patients. Fourteen patients had left ventricular hypertrophy (31.8%). According to the lipid profile, 47.7% (21/44) had high total cholesterol; 22.2% had low HDL cholesterol (5 females and 5 males); 40.9% (18/44) had high LDL cholesterol and 25% (11/44) had high triglycerides. Five patients (11.4%) had microalbuminuria.
All patients in this cohort underwent transsphenoidal surgery, except one (on octreotide). Eight subjects underwent radiotherapy, 27 were on octreotide, and 11 were on cabergoline (only one subject was only taking cabergoline). In the entire cohort, 16 had some degree of hypopituitarism: 12 had hypogonadism, 10 had hypothyroidism and one had hypocortisolism. All of these patients were under hormonal replacement with well--controlled deficiencies.
Active acromegaly was present in 47.7% of the patients. Table 1 shows the clinical and laboratory characteristics of the subjects according to disease status. Patients with active disease were younger and less hypertensive than subjects with controlled/cured disease.
Among cure/controlled patients (n = 23), 13 (56.5%) were cured with no medication and 10 (43.5) had the condition controlled by medication: eight patients had normal IGF-1 and high basal GH (1.0 < GH < 2.5 ng/mL). only 2 patients had high cardiovascular risk according to the Framingham Score. There was no correlation between number of risk factors and basal GH (r = 0.102; p = 0.53), or IGF-1 levels (r = -0.01; p = 0.95).
Hypertension and ventricular hypertrophy
When the entire group was evaluated according to hypertension status, there was no difference between mean IGF-1 and basal GH in normotensive and hypertensive patients. Normotensive patients had median IGF-1 = 325 ng/mL; hypertensive patients had median IGF-1 = 221 ng/mL (p = 0.25). For basal GH, means were 4 ng/mL in normotensive patients, and 2 ng/mL in hypertensive patients (p = 0.31). Concerning cardiac hypertrophy, there was no statistically significant difference between IGF-1 levels (244 ng/mL in patients without LVH, and 252 ng/mL in patients with LVH; p = 0.84), and basal GH levels (1.1 ng/mL in patients without LVH, and 0.94 ng/mL in patients with LVH; p = 0.78). There was no difference regarding nadir GH during OGTT (1 mg/dL vs. 1 mg/dL, for subjects with LVH and without LVH respectively, p = 0.91). Additionally, when we used the variable %ULN for comparisons between hypertensive and normotensive individuals, there was no difference in %ULN between both groups. Again, when evaluating the presence of LVH, there was no correlation between LVH and age (r = 0.26, p = 0.08), even when statistically controlling for disease activity (r = 0.25, p = 0.11).
Renin-aldosterone axis
There was no correlation between PRA and IGF-1 (r = -0.12; p = 0.46), basal GH (r = -0.12; p = 0.46), or nadir OGTT (r = -0.18; p = 0.28). There was also no significant correlation between aldosterone or aldosterone-PRA ratio (ARR) and the same parameters of acromegaly activity. Correlation between aldosterone and IGF-1 showed: r = 0.03; p = 0.85. Correlation between aldosterone and basal GH showed: r = -0.148; p = 0.34, and the correlation between aldosterone and nadir OGTT showed r = -0.131; p = 0.44. Results for the correlations with ARR were for IGF-1, r = 0.09 and p = 0.571; for basal GH, r = 0.09 and p = 0.57; for nadir OGTT, r = 0.16 and p = 0.34.
Renin-aldosterone axis and hypertension
There were no significant relationships or differences between hypertensive and normotensive groups re- 
Aggregation of cardiovascular risk factors
Patients were evaluated according to the presence of traditional cardiovascular risk factors. Thirty patients had low cardiovascular risk, 12 had moderate risk, and garding aldosterone levels and aldosterone-PRA ratio.
There was a statistically significant difference only in PRA levels between hypertensive patients (2.31 ng/ mL/h) and normotensive patients (6.08 ng/mL/h), p = 0.01. However, there was no difference between patients with active and non-active disease (p = 0.59).
Microalbuminuria, HOMA-IR and us-CRP vs. acromegaly status and hypertension
There was no statistical difference between microalbuminuria and us-CRP levels between hypertensive and normotensive patients (UAE rate in normotensive patients = 2.72 mg/24h, and in hypertensive patients = 64.2 mg/24h; p = 0.14; us-CRP in normotensive patients = 1.74 mg/dL, and in hypertensive patients = 2.05 mg/dL; p = 0.76), or between patients with active and controlled acromegaly. However, there was a correlation between IGF-1 and UAE levels (r = 0.33, p = 0.04), and between IGF-1 and HOMA-IR index (r = 0.419, p = 0.006). When we stratified patients by acromegaly status, those with active disease had a positive correlation between IGF-1 and systolic and diastolic blood pressure levels (r = 0.48, p = 0.03, and r = 0.42, p = 0.07, respectively), and a positive correlation between IGF1 and UAE rate (r = 0.66, p = 0.004). We did not find any correlation between these variables in patients with cured/controlled disease. However, in patients with cured/controlled disease, systolic blood pressure was positively correlated with BMI (r = 0.43, p = 0.04), with triglycerides (r = 0.57, p = 0.004), and waist circumference (r = 0.54, p = 0.008); and diastolic blood pressure was positively correlated with BMI (r = 0.43, p = 0.02), waist circumference (r = 0.65, p = 0.001), and triglycerides (r = 0.46, p = 0.02).
A linear regression was performed for individuals with active disease including age and BMI (because of their biological importance) and IGF-1 as predictors, and systolic blood pressure as the dependent variable. Only IGF-1 was an independent predictor of systolic blood pressure (Beta estimate = 0.52, p = 0.04). Curiously, IGF-1 was no longer a predictor when UAE rate was included in the model, suggesting that IGF-1 has its effect on hypertension mediated by albuminuria.
For individuals with controlled disease, a similar regression model showed different results: waist circumference and triglycerides were the predictors associated with systolic blood pressure, independent of age (in two separate models, BMI was not included, due to the interaction between BMI, waist circumference and triglyceride levels); for diastolic blood pressure, triglycerides and waist circumference were predictors, in two different age-adjusted models.
DISCUSSION
This study reports the main characteristics of a group of acromegalic patients from a cardiovascular perspective. Of the 44 patients, 21 (47.7%) had active acromegaly. Prevalence of hypertension was similar to the prevalence described in the literature (between 18%-60%) (8, 12, 23) . It is known that acromegalic patients develop cardiomyopathy, hypertension and diabetes, in addition to other complications (6, 24, 25) . Our patients with active acromegaly did not have a greater number of cardiovascular risk factors than those with cured/ controlled disease. Possible reasons for this finding are: our sample with active disease was younger than cured/ controlled patients, and absence of a control group for additional comparisons.
Although not the only factor responsible for cardiac involvement in acromegaly, the coexistence of high blood pressure levels worsens the effects of acromegalic cardiomyopathy (10), as previously observed (11) . There were no differences between hypertensive and normotensive acromegalic patients regarding GH and IGF-1 levels; patient with active acromegaly were less frequently hypertensive than those with cured/controlled disease. The presence of younger patients with active acromegaly and older patients with controlled acromegaly could explain this finding. However, in patients with active acromegaly, IGF-1 was a predictor of systolic blood pressure levels and albuminuria was a possible mediator, while in patients with controlled disease, other factors were associated with blood pressure levels, including metabolic syndrome components, such as triglycerides and abdominal obesity.
There was no difference in hormonal levels between patients with and without left ventricular hypertrophy, different from information in the literature (26) (27) (28) . Previous studies have associated GH and IGF-1 excess with increased activity of the renin-aldosterone axis in acromegaly, such as the study by Mulatero and cols. (36) . Increased PRA and aldosterone levels could account for the occurrence of hypertension in patients with acromegaly. However, there was no correlation between GH and IGF-1 levels, and PRA and aldosterone levels. Analysis of PRA, aldosterone and aldosterone--PRA ratio in hypertensive and normotensive patients showed higher levels of PRA in normotensive acromegalic patients. It should be emphasized that treatment with all drugs interfering with the renin-aldosterone axis were discontinued in hypertensive patients at least 1 month before hormonal dosages. Lower PRA levels in hypertensive patients, compared to normotensive ones, could suggest a relative plasma volume expansion in hypertensive patients, caused by GH excess, leading to elevated arterial pressure.
Microalbuminuria has also stood out as an important marker of cardiovascular disease (29, 30) . Microalbuminuria has been associated with an increased risk of cardiovascular events in diabetic patients (31) , as well as in non-diabetic patients (32) . There are data showing increased levels of albuminuria in acromegaly (33) . There is evidence that acromegaly has a major effect on the kidneys, more exactly on glomerular filtration and renal plasma flow (34) , and this effect is a consequence of IGF-1 activity (35) . Although our findings did not enable etiological hypotheses about the renal effects of the somatotrophic axis, they suggest a possible mediator effect of IGF-1 and albuminuria on blood pressure levels. Considering the aforementioned implications of increased renal albumin excretion in the occurrence of cardiovascular events, it is possible to argue that acromegaly increases cardiovascular risk. Similarly, analysis of insulin resistance in our patients, measured by the HOMA-IR index, also showed a correlation between this factor and IGF-1 levels.
Our findings suggest that blood pressure levels in the patients with active acromegaly are very similar, and depend on excess GH. However, once the disease has been controlled and IGF-1 levels decrease, their blood pressure levels will depend on other cardiovascular risk factors. These subjects should be strictly and insistently treated for these factors and followed up for long time.
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